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ABSTRACT 
 
 
Geosynthetic Rolled Erosion Control Products (GRECPs) have been utilized for decades in a multitude 
of applications to mitigate erosion resulting from land disturbance in civil construction projects. GRECPs vary 
from one type to another, ranging in performance and design life due to their composition and intended 
purpose. The coverage and durability of the GRECP are fundamental properties that can predict performance 
and fitness for use. Both coverage and durability will degrade over the design life of the GRECP to the point 
that fitness for use is unacceptable for the intended application. A standard approach is needed to quantify 
this material degradation over time. Through this analysis, the degradation of the GRECP’s durability and 
coverage is predicted over time, field validated, and compared to their respective functional thresholds. The 
time at which the GRECP’s durability or coverage reduces below the established functional thresholds is 
known as the GRECP’s functional longevity. 
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CHAPTER I  
INTRODUCTION 
 
Geosynthetic Rolled Erosion Control Products (GRECPs) have been utilized for decades in a multitude 
of applications, including stormwater channels, slopes, levees, canals, and stream banks, among others, to 
mitigate erosion resulting from land disturbance in civil construction projects. GRECPs vary from one type to 
another, providing a range in performance and design life due to their composition and intended purpose. The 
coverage and durability of the GRECP are fundamental properties that can predict performance and fitness for 
use in an application. 
GRECPs encompass the geosynthetic product categories of (1) Turf Reinforcement Mats (TRMs) and 
(2) High Performance Turf Reinforcement Mats (HPTRMs). While the majority of TRMs are composed of fully 
synthetic materials such as polypropylene, polyethylene, polyester, or nylon, some TRMs are composed of 
both synthetic and organic materials. TRMs are manufactured using various techniques, classified as stitch-
bonded, woven, and/or heat-bonded. HPTRMs are stitch-bonded, woven, and/or heat-bonded as well but 
must be composed of fully synthetic materials with no organic materials and have a minimum tensile strength 
of 3,000 lb/ft per American Society of Testing and Materials (ASTM) D-6818. TRMs and HPTRMs act to provide 
protection to the soil and seed below in the unvegetated to partially vegetated states as well as providing 
vegetation reinforcement in the partially vegetated to fully vegetated states. 
Coverage of a GRECP is defined as the ability of the product to retain soil and reinforce the stems and 
roots of vegetation in turf reinforcement applications. Durability of a GRECP defines the ability of the product 
to maintain coverage upon exposure to environmental stresses. Both durability and coverage will decline over 
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the design life of the GRECP to the point that fitness for use is unacceptable for the intended application. The 
quantified duration of this decline is the “functional longevity” of the GRECP; an essential predictor of long-
term performance. Explained herein are several concepts or properties that must be considered in order to 
capture this "functional longevity". These concepts or properties include, but are not limited to tensile 
strength and light penetration as they vary with the materials UV degradation, biological degradation, 
chemical degradation, material construction, and material quality. Due to the various manufacturing 
techniques and material compositions, a process or method should now be developed to quantify their 
"functional longevity" in years in order to accurately compare them.   
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CHAPTER II 
LITERATURE REVIEW 
 
The performance of a GRECP is dependent upon many variables, with some of the most important 
being coverage and durability. The coverage of a GRECP dictates how well the material retains soil and 
reinforces vegetation while the durability of the GRECP seeks to maintain that coverage when environmental 
stresses are present. As the coverage and durability of the GRECP reduces over the design life of the project, 
there is a point in time where the material will cease to function. The amount of time it takes to get to this 
point is known as the material’s “functional longevity”. The functional longevity of a given GRECPs can be 
determined by evaluating it’s coverage, displayed through light penetration, and durability, displayed through 
tensile strength, as a function of UV degradation, biological degradation, chemical degradation, material 
construction, and material quality.  
 
Tensile Strength 
The tensile strength of a GRECP, as tested by American Society of Testing and Materials (ASTM) D-
6818 does not directly affect the material's hydraulic performance. A higher tensile strength GRECP does not 
necessarily lend to increased erosion protection, or greater hydraulic performance. While the performance of 
GRECPs has traditionally been focused on hydraulic parameters Miller, Fischenich, & Thornton found that 
actual performance is also dependent upon certain non-hydraulic factors. When designing for the use of a 
GRECP, an engineer must select material that can withstand the full range of conditions expected during the 
project's design life. Some non-hydraulic factors that can induce stress on the GRECP include slope instability, 
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mechanical connections to hard structures, debris loading, maintenance or recreational traffic, or installation 
loading (Miller, Fischenich, & Thornton, 2012).  
Khanna, S. (2005) from Texas A&M University sought to further understand how GRECPs perform 
throughout their lifespan. In order to gather realistic information seven GRECPs of various types were installed 
in the field. After a period of three (3) years test specimens were removed, tested for tensile strength, 
stiffness, and light penetration, and compared to unused specimens. While there was no firm conclusion from 
the stiffness and light penetration, it was reported that the tensile strength of stitch-bonded fully synthetic and 
stitch-bonded composite materials reduced by 50% while the natural materials reduced by 80% over the three 
(3) year period (Khanna, 2005). 
Propex (2012) reported that the tensile strength of a GRECP is the single most important predictor of 
its long-term performance. GRECPs are often utilized in areas subject to erosive forces of wind and water as 
well as non-hydraulic stresses. As construction and maintenance loadings, frequent maintenance (mowing), 
transported debris, and burrowing animals have the potential to damage the GRECP, it must resist these non-
hydraulic stresses upon installation and throughout the project’s design life. GRECPs with the highest tensile 
strength are best-suited for the most critical of these applications, and retention of strength over a predicted 
lifespan is imperative to assuring that the GRECP will perform as a permanent application solution (Durham, 
2012).  
The tensile strength of a GRECP is not constant but is affected over the life of the material by 
deterioration due to UV exposure and chemical degradation. The tensile strength of a fully synthetic 
polypropylene GRECP, for example, being essentially chemically inert will not be effected by biological or 
chemical degradation but will be severely reduced by UV exposure if not properly stabilized. The consistency 
of a GRECP’s tensile strength is also dependent upon the material construction and material quality.  
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Light Penetration 
The light penetration (inverse of percent coverage) of a GRECP, as tested by ASTM D-6567 is one of 
the single most important index properties contributing to hydraulic performance. While ASTM D-6567 is in 
need of improvement to better compare products, light penetration points toward the percent open area or 
percent coverage of the GRECP. Research has shown that GRECPs with lower light penetration and greater 
percent coverage can achieve a higher level of hydraulic performance than those with higher light penetration 
and less percent coverage (Hughes & Thornton, 2014). A GRECP with lower light penetration and greater 
percent coverage will protect and retain more soil when vegetation is not fully established and will entangle 
and reinforce the fully established vegetation to a greater degree as compared to a GRECP with a higher light 
penetration and less percent coverage. 
The Light Penetration of a GRECP has long been considered a “quality control” test method with little 
or no bearing on the performance. In simplistic terms, a GRECP with a lower percentage value of light 
penetration is visually identified as a “denser” product, possessing a composition that includes more inlaid 
material, a tighter woven construction. As the light penetration value increases, one can expect the material to 
have significantly less density across the face of the mat. Subsequently, the light penetration value of a GRECP 
has been used interchangeably with a description of its “open area” (Durham, 2014). However, research at 
Colorado State University has shown that GRECPs having lower values for light penetration are able to provide 
superior hydraulic performance through its design life. This performance improvement is most notable during 
the vegetation's early root establishment period. This improved performance is attributed to the low light 
penetration allowing for increased retention of soil under the GRECP, keeping the newly established sod roots 
from dislodging from the underlying soil, and limiting the fine aggregate particles within the soil from 
migrating up through the GRECP (Durham, 2014). 
Hughes & Thornton of Colorado State University (CSU) completed several wave overtopping 
simulations on bare soil, unreinforced vegetation, and vegetation reinforced with varying GRECPs. Through 
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each test the root length, root surface area, average root diameter, and root volume of the vegetation was 
measured when possible. These test results were then analyzed along with additional test results from the 
United States Army Corps of Engineers (USACE). It was found that there was an obvious improvement in 
performance with the inclusion of a GRECP  (Hughes & Thornton, 2014).  
Hughes & Thornton hypothesized that performance of the vegetated GRECPs was a function of the 
materials light penetration, showing that a material with a lower light penetration will help retain more soil. 
Furthermore, it should be expected that a GRECP with 30% light penetration should not be able to withstand 
as much hydraulic stresses as a GRECP with 15% light penetration. Hughes & Thornton determined that the 
performance of the vegetated GRECP is a function of the material's light penetration, the underlying soil type, 
and the robustness of the vegetation's root system that had penetrated the mat and the underlying soil 
(Hughes & Thornton, 2014). 
Light penetration, like tensile strength is not constant but is affected over the life of the material by 
deterioration due to UV exposure, biological degradation, and chemical degradation. The light penetration of a 
fully synthetic polypropylene GRECP, for example, being essentially chemically inert will not be effected by 
biological or chemical degradation but will be severely increased by UV exposure if not properly addressed. 
The light penetration of GRECPs that consist of both synthetic and organic materials could be subjected to a 
combination of UV exposure, biological degradation, and chemical degradation, depending on the 
composition of the covering component of the GRECP. 
 
Ultraviolet Degradation 
All GRECPs contain some percentage of synthetic material. This synthetic material can be some form 
of polypropylene, polyethylene, polyester, or nylon. Whether these materials contain recycled content or all 
virgin material, they are all susceptible to UV degradation in varying degrees. In order to counteract this 
degradation, the manufacturers of these materials can incorporate additives in the beginning of the 
 7 
manufacturing process. These additives protect the material and degrade in its place. Once the additive has 
been fully consumed, the protected polymer will then begin to degrade. As the UV degradation occurs, the 
material's strength and coverage reduces. If the GRECP in question relies on the synthetic material for 
strength, then the GRECPs tensile strength will be reduced over time with UV exposure. If the GRECP in 
question relies on the synthetic material for coverage, then the GRECPs coverage will be reduced over time 
with UV exposure (TenCate, 2010). 
Propex (2014) reported that Sunlight can be divided into three categories by wavelength, where 
infrared and visible light have wavelengths above 400 nm and UV light has wavelengths less than 400 nm. As 
geotextiles are exposed, photo-initiated degradation occurs when the energy from the UV light begins to 
break the bonds within the polymer structure. In order to protect against this degradation, geotextile 
manufactures add stabilizers to their geotextile fibers and yarns. The UV degradation begins on the surface of 
the polymer and works through to the core. Thus, fibers or yarns of larger diameter will generally degrade 
more slowly. Woven geotextiles tend to utilize larger diameter yarns and in turn will also degrade more slowly. 
ASTM D-4355 is standardly used for determining the UV stability of a geotextile, exposing the material to a 
xenon-arc light source under controlled conditions of temperature and humidity. The xenon-arc light source 
closely mimics that of natural sunlight in the UV range. The test uses a combination of high light intensity and 
elevated temperature to degrade the specimens more rapidly than would be experienced in a natural 
environment in the same amount of time. After exposure, the specimen's tensile strength is tested and 
compared to the original strength, shown as a percent of strength retained. While the test results from ASTM 
D-4355 should not be directly utilized, they can be correlated to outdoor exposure (Propex, 2014) 
Propex (2006) reported that while polypropylene is essentially chemically inert, it is commonly 
degraded by an oxidation reaction induced by UV radiation. To combat the oxidation process antioxidants, 
such as hindered amine light stabilizers (HALS) or carbon black are added to the polymer during the 
manufacturing of the geosynthetic. As the antioxidants are consumed, the resistance of the polymer to 
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oxidation will decrease. The rate of polymer oxidation is dependent upon how much and what type of 
antioxidant is utilized and how well it is distributed throughout the polymer (Propex, 2006). 
TenCate (2010) reported that UV exposure can damage geosynthetics and reduce their ability to 
function. This damage can be seen in changes in both the material's physical appearance and performance, 
and is most easily seen in reduction in strength and density over time. One test to assist in quantifying this 
strength reduction is ASTM D-4355, which uses a xenon arc light source to provide UV exposure while cycling 
through heat and moisture variations. While UV exposure is not consistent across the world, the amount of 
radiation across the world is known. This exposure can then be compared to the amount of exposure from the 
specific test and a correlation can be made. It should also be noted that there are other environmental factors 
that can affect the deterioration of the geosynthetic material (TenCate, 2010). 
GEOfabrics (2011) reported that geotextiles and other geosynthetics are used in various applications, 
demanding extreme durability throughout their design life. There are many factors that can affect the 
durability of a geosynthetic material, such as physical structure, type of polymer used, and quality of material 
and the manufacturing process. One important factor to consider is the geosynthetics resistance to 
weathering, where the mechanism of degradation is the absorption of UV light by the polymer. The energy 
from the UV light begins to break down the polymer, creating a chain reaction that continues to weaken the 
polymer. Geosynthetics that are utilized in exposed conditions therefore must be protected with appropriate 
additives to minimize the detrimental effects of exposure to UV light (GEOfabrics, 2011). 
When non-hydraulic stresses are applied to the GRECP, one must consider if the material has 
adequate tensile strength to resist tearing and enough UV stability to maintain that required tensile strength. 
Projects that fail to consider UV stability and tensile strength will have a higher probability of failure. UV 
exposure when combined with highly variable temperature and moisture causes the greatest measurable 
degradation in polymers commonly used to manufacture GRECPs. The UV exposure of each site should be 
evaluated in order to ensure the long term performance of the GRECPs. Even if full vegetation coverage is 
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expected, some amount of UV exposure will be seen during construction, following flood events, and prior to 
or in case of lack of vegetation (Miller, Fischenich, & Thornton, 2012).  
Although installed GRECPs are typically covered with a combination of soil and vegetation, one must 
assume that full exposure to constant sunlight is the critical design condition. In arid locations (such as the 
Southwestern United States), GRECPs are often installed with no soil fill or vegetation and are subject to 
intense radiation for a vast majority of the year. In order to perform in these arid environments, various 
stabilizers are added to the polymer so as to protect against photo-oxidation. Assurance of the effectiveness of 
the UV stabilizers consists of both accelerated laboratory testing per ASTM D-4355 as well as documented 
field performance (Durham, 2012). 
The most direct way to test a GRECP’s UV stability would be to place it exposed in a chosen location 
and after a determined amount of time, such as 50 years, exhume the GRECP, and test it for retained tensile 
strength. However, manufacturers as well as users of these materials do not have the luxury of waiting even 5 
years, let alone 50 years for testing. In order to obtain some information, the material is tested using ASTM D-
4355. This test simulates accelerated UV exposure with temperature and moisture changes for up to and over 
10,000 hours (about 1 year and 52 days). After the exposure the materials strength is tested per ASTM D-6818 
and reported as a percentage retained after exposure (Propex, 2014). 
The data from the accelerated testing must then be correlated to field performance. Historically, very 
few correlations from field performance have been utilized. Instead a general correlation developed from 
research on polypropylene geomembranes has been used for all materials. The Geosynthetic Research 
Institute (GRI) (2011) performed several studies in order to help predict the lifetime of geomembranes in both 
exposed and unexposed conditions. In this research a polypropylene geomembrane was exhumed after being 
fully exposed to UV radiation for 26 months in Arizona and tested for retained tensile strength. The retained 
tensile strength of 50% was compared to the accelerated testing and it was found that the testing duration 
corresponding to 50% strength retained was 6.1 months. Comparing the field duration (26 months) to the 
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testing duration (6.1 months) yielded an acceleration factor of 4.3 (Koerner, Hsuan, & Koerner, 2011). This 
correlation is specific to Arizona and to other areas with similar daily UV radiation. If an acceleration factor is 
needed for another region then the daily UV radiation of the two regions can be compared in order to 
appropriately scale the acceleration factor.                 
                                                                     
Biological Degradation 
When selecting a GRECP, one must consider the material types being utilized. Propex (2006) reported 
that while polypropylene is not a food source for and cannot be digested by insects and animals, they will not 
be adversely affected by ingesting small quantities of polypropylene (Propex, 2006). If a GRECP is not entirely 
synthetic then it will contain some portion of organic material, such as straw or coconut. GRECPs that contain 
organic components will perform very differently before and after the temporary components are gone 
(Miller, Fischenich, & Thornton, 2012). While organic material does not have the tendency to degrade from UV 
exposure it is susceptible to biological degradation. The majority of GRECPs containing organic material rely on 
the organic material for coverage. In this case the GRECPs coverage will be reduced over time due to biological 
degradation. 
 
Chemical Degradation 
Any GRECP containing synthetic material is susceptible to chemical degradation. Apart from extreme 
environmental conditions, chemical degradation can be most readily seen through hydrolysis of polyester or 
nylon. Polyester can be significantly affected by moisture and can be degraded over a wide range of pH levels. 
Nylon can be significantly affected by the presence of moisture because it absorbs moisture and loses strength 
rapidly as humidity and temperature increase. If the GRECP in question relies on the synthetic material for 
strength, than the GRECPs tensile strength will be reduced over time. If the GRECP in question relies on the 
synthetic material for coverage, then the GRECPs coverage will be reduced over time. 
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EuroGeo4 Keynote paper (2014) reported that when attempting to determine the long-term 
performance of geosynthetics, both chemical and mechanical degradation can occur. Chemical degradation 
can occur through the oxidation of polypropylene or the hydrolysis of polyester. While this research focuses 
on the oxidation of polypropylene by UV exposure, it sheds light on the potential hydrolysis of polyester 
materials. The hydrolysis of polyester is greatly affected by the chemical and physical structure of the product. 
Tests were run on three polyester geosynthetics in different pH environments and results indicated that the 
strength of these materials can be reduced by 50% after anywhere from 2 to 161 years of exposure. Research 
has further established a service life of 25 years for polyester geosynthetics not exposed to other forms of 
degradation. For service longer than 25 years, products should be evaluated further (Hsuan, et al., 2014). 
Propex (2006) reported that polypropylene is a very durable and versatile polymer that is commonly 
utilized in the manufacture of geosynthetics. Unlike polyester, polypropylene does not absorb water nor does 
the presence of water adversely affect its strength. Polypropylene is also shown to be very resistant to certain 
concentrations of aggressive chemicals; does not support, attract, or deteriorate from fungal growth; and can 
withstand temperatures ranging from -40 to 320 degrees Fahrenheit (Propex, 2006).  
 
Material Construction 
There are several different material construction types of GRECPs, such as stitch-bonded, heat-
bonded, and woven. While the material construction does not directly relate to the tensile strength or light 
penetration of a GRECP it can greatly affect its durability and even reduce its functional longevity. While 
composite materials, such as stitch-bonded and heat-bonded GRECPs may have tensile strength in the 
Machine Direction (MD) or the Cross-Machine Direction (CD) they could very easily be pulled apart if the 
stitching or lamination fails. This material failure would result in the loss of coverage and loss in overall 
performance. Woven GRECPs however are homogeneous in construction, providing strength in all directions 
without pulling apart and in turn maintaining coverage. 
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GRECPs that are composed of multiple components stitched or laminated together may also have 
varying performance over time as unraveling of stitching or delamination could occur, resulting in potentially 
catastrophic failures. A composite GRECP also may not be able to withstand cutting, tearing, or other breaks in 
the fabric as might be required to work around trees or other vegetation or to drive in percussion driven earth 
anchors. In contrast, a woven material can be cut to accommodate vegetation even in severe slope settings 
that require materials with significant tensile strength, without compromising the installation (Miller, 
Fischenich, & Thornton, 2012). 
 
Material Quality 
The manufacturing of GRECPs inherently contains variation depending on the specific manufacturing 
process. Additionally, various test methods are utilized to quantify the index and performance properties of 
the GRECP. All test methods used to quantify material properties further contribute to the variability. To 
properly account for this variation and accurately represent the material characteristics, manufacturers of 
GRECPs publish properties as either Minimum Average Roll Values (MARVs) or Typical values as defined in 
ASTM D-4439. The importance of these values is in their statistical significance. A Typical value is defined as 
the average or arithmetic mean of all historic test data points, showing a 50% degree of confidence. A MARV is 
determined by subtracting two times the standard deviation from the Typical value for normally distributed 
data, showing a 97.7% degree of confidence. The ability to utilize MARV or Typical values is dependent upon 
the frequency of testing. MARV should be required where possible in order to have consistent quality in 
tensile strength and coverage. The use of Typical values indicates a lack of consistency and quality (Propex, 
2014). 
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CHAPTER III 
PROBLEM STATEMENT 
 
For every possible GRECP application there is a specific need for a level of durability and coverage to 
provide adequate performance. These application specific requirements are the thresholds that a product 
needs to achieve in order to function, or functional thresholds.  Because the durability and coverage of GRECPs 
are not constant, but degrade over time due to environmental conditions, GRECPs will not always meet the 
required functional thresholds. The point in time where the materials anticipated tensile strength or coverage 
reduces below their respective functional threshold is established as their functional longevity for that set of 
environmental conditions 
Because GRECPs are composed of such varying materials, manufactured with different processes, and 
held to different quality standards, an approach is needed to consistently quantify the material degradation 
over time for specific GRECPs so that, when compared to a standard functional threshold, the GRECPs 
functional longevity can be determined. In order to determine the GRECPs functional longevity, the modes by 
which the GRECP’s tensile strength and coverage will degrade over time will be evaluated. Based on the 
determined modes of degradation, decreases in tensile strength and coverage over time can then be applied. 
The changes in tensile strength and coverage over time for each GRECP can be plotted and compared to a 
functional threshold for tensile strength and coverage. The time in years at which the GRECP’s tensile strength 
or coverage reduces below the functional threshold will be known as the GRECP’s functional longevity.  
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CHAPTER IV 
METHODOLOGY 
 
With the theories around the proposed problem statement established, a process can now be 
implemented in order to consistently quantify the functional longevity of several GRECPs that are currently 
available within the North American marketplace.  
 
Assemble Information 
The first step in the process is to gather publically available information from published product data 
sheets. While the information available in a product data sheet is not direct data, it is published with inherent 
conservatism and is able to capture the potential variability of the manufacturing and testing processes. Each 
individual product data sheet is reviewed in order to record the GRECP’s general category, material 
construction type, and the material associated with tensile strength and coverage. GRECP material properties 
such as tensile strength per ASTM D-6818, light penetration per ASTM D-6567, and UV resistance per ASTM D-
4355 are also recorded along with the statistical significance of the data. 
 
Evaluate Modes of Degradation  
Once the data is compiled, the individual products must then be evaluated in order to determine the 
modes by which the product’s tensile strength and coverage will degrade over time. GRECPs containing 
synthetic material are susceptible to UV and chemical degradation while GRECPs containing organic material 
are susceptible to biological degradation. The reduction factors for confidence due to material construction 
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are determined based on material construction type and reduction factors for confidence due to material 
quality are determined based on the statistical significance of the GRECP’s published values.  
 
Apply Effects of Degradation 
Based on the determined modes of degradation, reductions in tensile strength and coverage over 
time can then be applied. UV degradation is applied to GRECPs that utilize synthetic materials for tensile 
strength and/or coverage. The GRECP’s original tensile strength is reduced based on the published strength 
retention from UV degradation per ASTM D-4355 at each respective exposure duration. For GRECPs utilizing 
synthetic materials to achieve coverage, the GRECP’s original coverage is also reduced based on the published 
UV degradation at each respective exposure duration. The exposure duration published per ASTM D-4355 is 
utilized and accelerated by an assumed factor of 4.3 to establish the time at the respective tensile strength 
and coverage values. Biological degradation is then applied to GRECPs that utilize organic materials for 
coverage. Biological degradation is not applied to tensile strength because there are not any GRECPs that 
utilize organic material for tensile strength. The original coverage of the GRECPs containing organic material is 
reduced based on the industry accepted design life of straw, a straw and coconut fiber blend, and coconut 
fiber. While it is understood that chemical degradation of polyester and nylon GRECPs can occur, additional 
testing that is outside of the scope of this research is needed in order to provide further quantification. 
In order to account for the confidence in the material construction of stitch-bonded and heat-bonded 
GRECPs a reduction factor of 0.9 is applied to the GRECP’s tensile strength and coverage. This reduction factor 
translates through to the GRECP’s reduced tensile strength and coverage. In order to account for the 
confidence in the material quality of all GRECPs an additional reduction factor is applied to the GRECP’s 
original tensile strength and coverage. This reduction factor is dependent upon the statistical significance of 
the published values in question where a MARV receives a reduction factor of 0.977 and a Typical value 
receives a reduction factor of 0.5. 
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Evaluate Results 
With the reductions in tensile strength and coverage for each product established, these values can 
then be plotted versus the accelerated exposure time. An exponential curve can be fitted to each set of data 
and extrapolated, comparing the anticipated tensile strength and coverage to their respective functional 
threshold. The point in time where the materials anticipated tensile strength or coverage reduces below their 
respective functional threshold is established as their functional longevity for that set of environmental 
conditions.  
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CHAPTER V 
DATA ANALYSIS AND RESULTS 
 
Assemble Information 
Data specific to each individual GRECP is compiled by gathering product data sheets from each 
manufacturer’s website. Each product data sheet can be seen in APPENDIX A. While the information available 
in a product data sheet is not direct data, it is published with inherent conservatism and is able to capture the 
potential variability of the manufacturing and testing processes. Each individual product data sheet is reviewed 
and the following information is recorded: 
• General information such as the GRECP category, the material construction type, the material 
associated with tensile strength, and the material associated with coverage 
• Material strength information such as tensile strength in Machine Direction (MD) and Cross-Machine 
Direction (CD) of the GRECP per ASTM D-6818 presenting strength in both the “x” and “y” direction 
and statistical significance of the tensile strength data 
• Material coverage information such as the light penetration of the GRECP per ASTM D-6567 and the 
statistical significance of the light penetration data 
• UV resistance information on the GRECP per ASTM D-4355 for exposures of  500, 1,000, 2,000, 3,000, 
6,000, and 10,000 hours 
The product information is compiled and shown in Table 1 through Table 4. 
 
  
 18 
Table 1 GRECP General Information 
Manufacturer / 
Distributor 
Product Name 
GRECP 
Category 
Material Associated 
with Tensile Strength 
Material Associated 
with Coverage 
Material 
Construction 
American Excelsior Recyclex TRM TRM Polypropylene Recycled Polyester Stitch-Bonded 
East Coast Erosion 
Control 
ECC-3 TRM Polypropylene Coconut Stitch-Bonded 
ECP-2 TRM Polypropylene Polypropylene Stitch-Bonded 
ECSC-3 TRM Polypropylene Straw / Coconut Stitch-Bonded 
T-RECS HPTRM Polypropylene Polypropylene Woven 
North American 
Green 
C350 TRM Polypropylene Coconut Stitch-Bonded 
SC250 TRM Polypropylene Straw / Coconut Stitch-Bonded 
W3000 HPTRM Polypropylene Polypropylene Woven 
Profile 
Enkamat 7020 TRM Nylon Nylon Heat-Bonded 
Enkamat R45 HPTRM Nylon Nylon Heat-Bonded 
Propex 
Landlok 300 TRM Polypropylene Polypropylene Woven 
Landlok 450 TRM Polypropylene Polypropylene Stitch-Bonded 
Pyramat HPTRM Polypropylene Polypropylene Woven 
Western Excelsior 
Excel PP5-10 TRM Polypropylene Polypropylene Stitch-Bonded 
PP5-Heavy Duty TRM Polypropylene Polypropylene Woven 
PP5-Xtreme HPTRM Polypropylene Polypropylene Woven 
 
 
Table 2 GRECP Material Strength 
Manufacturer / 
Distributor 
Product Name 
Ultimate Tensile 
Strength, MD (lb/ft) 
Ultimate Tensile 
Strength, CD (lb/ft) 
Statistical 
Significance 
American Excelsior Recyclex TRM 387.6 340.8 Typical 
East Coast Erosion 
Control 
ECC-3 802.0 790.0 Typical 
ECP-2 400.0 400.0 Typical 
ECSC-3 756.0 632.0 Typical 
T-RECS 3,000.0 3,000.0 MARV 
North American 
Green 
C350 625.0 768.0 Typical 
SC250 620.0 737.0 Typical 
W3000 3,600.0 3,800.0 Typical 
Profile 
Enkamat 7020 175.0 175.0 MARV 
Enkamat R45 3,000.0 3,000.0 MARV 
Propex 
Landlok 300 2,000.0 1,800.0 MARV 
Landlok 450 400.0 300.0 Typical 
Pyramat 4,000.0 3,000.0 MARV 
Western Excelsior 
Excel PP5-10 249.6 212.4 Typical 
PP5-Heavy Duty 2,500.0 2,250.0 MARV 
PP5-Xtreme 4,000.0 3,000.0 MARV 
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Table 3 GRECP Material Coverage 
Manufacturer / 
Distributor 
Product Name 
Light Penetration 
(% Passing) 
Statistical 
Significance 
American Excelsior Recyclex TRM 55 Typical 
East Coast Erosion 
Control 
ECC-3 14 Typical 
ECP-2 18 Typical 
ECSC-3 7 Typical 
T-RECS 34 Typical 
North American 
Green 
C350 9 Typical 
SC250 9 Typical 
W3000 12 Typical 
Profile 
Enkamat 7020 95 Typical 
Enkamat R45 95 Typical 
Propex 
Landlok 300 35 MARV 
Landlok 450 20 Typical 
Pyramat 10 MARV 
Western Excelsior 
Excel PP5-10 25 Typical 
PP5-Heavy Duty 30 Typical 
PP5-Xtreme 30 Typical 
 
 
Table 4 GRECP UV Resistance 
Manufacturer / 
Distributor 
Product Name 
UV Resistance (% Retained),   
At 500 hours At 1,000 hours At 2,000 hours At 3,000 hours At 6,000 hours At 10,000 hours 
American Excelsior Recyclex TRM - 90 - - - - 
East Coast Erosion 
Control 
ECC-3 - 98 - - - - 
ECP-2 - 82 - - - - 
ECSC-3 80 - - - - - 
T-RECS - - - - 91 - 
North American 
Green 
C350 - 86 - - - - 
SC250 - 100 - - - - 
W3000 - - - 80 - - 
Profile 
Enkamat 7020 - 80 - - - - 
Enkamat R45 - - 80 - - - 
Propex 
Landlok 300 - - - 90 - - 
Landlok 450 - 80 - - - - 
Pyramat - - - - 90 85 
Western Excelsior 
Excel PP5-10 100 90 - - - - 
PP5-Heavy Duty 100 - - 90 - - 
PP5-Xtreme 100 - - - 90 - 
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Evaluate Modes of Degradation  
With the individual product information as shown in Table 1 through Table 4, the understanding of 
material degradation is then utilized to develop the modes of degradations for the varying components of 
each product. The modes of degradation are determined for the products in question and shown in Table 5. 
 
 
Table 5 GRECP Modes of Degradation 
Manufacturer / 
Distributor 
Product Name 
Tensile Strength 
Modes of Degradation 
Coverage 
Modes of Degradation 
American Excelsior Recyclex TRM UVD
1
, CD
2
, MC
3
, MQ
4
 UVD, CD, MC, MQ 
East Coast Erosion 
Control 
ECC-3 UVD, MC, MQ UVD, BD
5
, MC, MQ 
ECP-2 UVD, MC, MQ UVD, MC, MQ 
ECSC-3 UVD, MC, MQ UVD, BD, MC, MQ 
T-RECS UVD, MQ UVD, MQ 
North American 
Green 
C350 UVD, MC, MQ UVD, BD, MC, MQ 
SC250 UVD, MC, MQ UVD, BD, MC, MQ 
W3000 UVD, MQ UVD, MQ 
Profile 
Enkamat 7020 UVD, CD, MC, MQ UVD, CD, MC, MQ 
Enkamat R45 UVD, CD, MC, MQ UVD, CD, MC, MQ 
Propex 
 
Landlok 300 UVD, MQ UVD, MQ 
Landlok 450 UVD, MC, MQ UVD, MC, MQ 
Pyramat UVD, MQ UVD, MQ 
Western Excelsior 
Excel PP5-10 UVD, MC, MQ UVD, MC, MQ 
PP5-Heavy Duty UVD, MQ UVD, MQ 
PP5-Xtreme UVD, MQ UVD, MQ 
1 – Ultraviolet Degradation 
2 – Chemical Degradation 
3 – Material Construction 
4 – Material Quality 
5 – Biological Degradation  
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Apply Effects of Degradation 
Each product now has an established set of physical components, all contributing in some way to the 
material’s tensile strength and coverage. The composition, construction, and consistency of these physical 
components affect the modes of degradation related to tensile strength and coverage. The effects of 
degradation are now to be applied to each product’s tensile strength and coverage where applicable.  
 
Ultraviolet Degradation 
As previously established, UV radiation will degrade polymers such as polypropylene, polyester, and 
nylon over time. The rate at which each individual product specific polymer will degrade is a function of the 
quality and quantity of the protective additive utilized in the manufacturing process as well as the infield 
environmentally conditions, specifically the rate of solar radiation. In order to quantify the rate of UV 
degradation ASTM test method D-4355 is utilized, exposing product samples to intensive environmental 
conditions and testing the samples for strength retention after certain prescribed time periods. 
These test results are then to be correlated with field performance to establish a base line 
acceleration factor for that specific product in that specific region and environment. Once the base line 
correlation is established, other regions can be developed by evaluating the difference in rate of solar 
radiation between regions. Unfortunately, the majority of products do not have sufficient data to properly 
correlate field performance to laboratory testing. Due to this lack of information, the industry has generally 
accepted the use of the previously established acceleration factor of 4.3 to correlate laboratory data to the 
environment in Arizona for a worst case scenario. Other regions and environmental conditions are then 
developed based on the difference in rate of solar radiation between Arizona and the region in question.  
Table 4 establishes the percentage of the ultimate tensile strength retained after a set time of 
accelerated UV exposure. This UV degradation is also applied to the total coverage of the fully synthetic 
products as well as 5% coverage of the products utilizing organic material for coverage in order to account for 
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the synthetic netting. Using the acceleration factor of 4.3, the data is generated for the products in question 
using Equation 1 through Equation 5 and the results are shown in Table 6 and Table 7. 
 
Equation 1 calculates the tensile strength reduced by UV degradation. 
T = T − RF! ........................................................................................................................................... (1) 
Where  T = Ultraviolet Reduced Tensile Strength 
 T = Ultimate Tensile Strength 
 RF! = Tensile Strength Ultraviolet Reduction Factor  
 
Equation 2 calculates the coverage reduced by UV degradation. 
C = C − RF6 ........................................................................................................................................... (2) 
Where  C = Ultraviolet Reduced Coverage 
 C = Ultimate Coverage 
 RF6 = Coverage Ultraviolet Reduction Factor  
 
Equation 3 calculates the UV degradation reduction factor for tensile strength. 
RF! = T ∙ 81 − DF; ................................................................................................................................. (3) 
Where  RF! = Tensile Strength Ultraviolet Reduction Factor  
 T = Ultimate Tensile Strength 
 DF = Ultraviolet Deceleration Factor 
 
Equation 4 calculates the UV degradation reduction factor for coverage. 
RF6 = < C ∙ 81 − DF;; for Synthetic Material0.05 ∙ 81 − DF; ; for Organic Material E .............................................................................  (4) 
Where  RF6 = Coverage Ultraviolet Reduction Factor  
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 C = Ultimate Coverage 
 DF = Ultraviolet Deceleration Factor 
 
Equation 5 calculates the accelerated exposure time. 
tF6 = t ∙ AF ....................................................................................................................................................  (5) 
Where  tF6 = Accelerated Ultraviolet Exposure Duration 
 t = Ultraviolet Exposure Duration 
 AF = Ultraviolet Exposure Acceleration Factor  
  
Table 6 presents the tensile strength of the listed GRECPs after UV degradation has been applied 
verses their respective accelerated exposure time. 
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Table 6 UV Degradation of Tensile Strength 
Manufacturer / 
Distributor 
Product Name 
	 
(lb/ft) 

 (lb/ft) 
500 hrs 1,000 hrs 2,000 hrs 3,000 hrs 6,000 hrs 10,000 hrs 
American 
Excelsior 
Recyclex TRM 387.6 - 348.8 - - - - 
East Coast 
Erosion Control 
ECC-3 802.0 - 786.0 - - - - 
ECP-2 400.0 - 328.0 - - - - 
ECSC-3 756.0 604.8 - - - - - 
T-RECS 3,000.0 - - - - 2,730.0 - 
North American 
Green 
C350 625.0 - 537.5 - - - - 
SC250 620.0 - 620.0 - - - - 
W3000 3,600.0 - - - 2,880.0 - - 
Profile 
Enkamat 7020 175.0 - 140.0 - - - - 
Enkamat R45 3,000.0 - - 2,400.0 - - - 
Propex 
Landlok 300 2,000.0 - - - 1,800.0 - - 
Landlok 450 400.0 - 320.0 - - - - 
Pyramat 4,000.0 - - - - 3,600.0 3,400.0 
Western Excelsior 
Excel PP5-10 249.6 249.6 224.6 - - - - 
PP5-Heavy Duty 2,500.0 2,500.0 - - 2,250.0 - - 
PP5-Xtreme 4,000.0 4,000.0 - - - 3,600.0 - 
  2,150 hrs 4,300 hrs 8,600 hrs 12,900 hrs 25,800 hrs 43,000 hrs 
0.25 yrs 0.50 yrs 1.00 yrs 1.49 yrs 2.99 yrs 4.98 yrs 
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Table 7 presents the coverage of the listed GRECPs after UV degradation has been applied verses their 
respective accelerated exposure time. 
 
 
Table 7 UV Degradation of Coverage 
Manufacturer / 
Distributor 
Product Name 	 
 
500 hrs 1,000 hrs 2,000 hrs 3,000 hrs 6,000 hrs 10,000 hrs 
American 
Excelsior 
Recyclex TRM 45% - 41% - - - - 
East Coast 
Erosion Control 
ECC-3* 86% - 86% - - - - 
ECP-2 82% - 67% - - - - 
ECSC-3* 93% 92% - - - - - 
T-RECS 66% - - - - 60% - 
North American 
Green 
C350* 91% - 90% - - - - 
SC250* 81% - 81% - - - - 
W3000 88% - - - 70% - - 
Profile 
Enkamat 7020 5% - 4% - - - - 
Enkamat R45 5% - - 4% - - - 
Propex 
Landlok 300 65% - - - 59% - - 
Landlok 450 80% - 64% - - - - 
Pyramat 90% - - - - 81% 77% 
Western Excelsior 
Excel PP5-10 75% 75% 68% - - - - 
PP5-Heavy Duty 70% 70% - - 63% - - 
PP5-Xtreme 70% 70% - - - 63% - 
  2,150 hrs 4,300 hrs 8,600 hrs 12,900 hrs 25,800 hrs 43,000 hrs 
0.25 yrs 0.50 yrs 1.00 yrs 1.49 yrs 2.99 yrs 4.98 yrs 
* Synthetic netting is estimated to contribute 5% of the products overall coverage. Only product Coverage contributed by synthetic 
materials is affected by UV degradation.  
 
 
Biological Degradation 
GRECPs containing organic material are subject to some degree of biological degradation. When 
organic material is utilized within a GRECP it greatly contributes to the initial coverage but does not usually 
contribute much to the tensile strength of the product. As the biological degradation occurs, the coverage of 
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GRECPs utilizing organic material will reduce drastically. The organic materials that are typically used within 
GRECPs are straw, coconut, and a combination of the two. 
It has been seen in the market place that most erosion control materials containing straw will be in 
place for around 1 year, while those containing coconut will be in place for around 3 years. It has also been 
seen that erosion control products containing a mixture of straw and coconut will be in place for 2 years. This 
is seen even further as manufactures of erosion control materials containing straw publish a design life of 1 
year, those containing coconut publish a design life of 3 years, and those containing a combination of straw 
and coconut publish a design life of 2 years. While this could become extremely complex, there is no debate 
within the market place towards the temporary nature of straw and coconut.  
As shown in Table 5, biological degradation will not affect the tensile strength of the fully synthetic 
products, but will affect all but 5% coverage of products utilizing organic material. Using the above 
assumptions, the data is generated for the products in question using Equation 6 through Equation 10 and the 
results are shown in Table 8 and Table 9. 
 
Equation 6 calculates the tensile strength reduced by UV and biological degradation. 
T,K = T − RFK! ...................................................................................................................................... (6) 
Where  T,K = Ultraviolet and Biological Reduced Tensile Strength 
 T = Ultraviolet Reduced Tensile Strength 
 RFK! = Tensile Strength Biological Reduction Factor 
 
Equation 7 calculates the coverage reduced by UV and biological degradation. 
C,K = C − RFK6 ..................................................................................................................................... (7) 
Where  C,K = Ultraviolet and Biological Reduced Coverage 
 C = Ultraviolet Reduced Coverage 
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 RFK6 = Coverage Biological Reduction Factor 
   
Equation 8 calculates the biological degradation reduction factor for tensile strength. 
RFK! = 0 ................................................................................................................................................................ (8) 
Where  RFK! = Tensile Strength Biological Reduction Factor 
   
Equation 9 calculates the biological degradation reduction factor for coverage. 
RFK6 = M 0; for Synthetic Material86NOPQR.RS;TUVW ∙ tF6 ; for Organic Material X ...................................................................................... (9) 
Where  RFK6 = Coverage Biological Reduction Factor 
 C = Ultimate Coverage 
 DFK6 = Biological Deceleration Factor  
 tF6 = Accelerated Ultraviolet Exposure Duration 
 
Equation 10 calculates the biological degradation deceleration factor for coverage. 
DFK6 = M1; for Straw2; for Straw/Coconut Blend3; for Coconut X ...................................................................................................... (10) 
Where  DFK6 = Biological Deceleration Factor  
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Table 8 presents the tensile strength of the listed GRECPs after UV and biological degradation has 
been applied verses their respective accelerated exposure time. 
 
 
Table 8 Biological Degradation of Tensile Strength 
Manufacturer / 
Distributor 
Product Name 
	 
(lb/ft) 

,
 (lb/ft) 
500 hrs 1,000 hrs 2,000 hrs 3,000 hrs 6,000 hrs 10,000 hrs 
American 
Excelsior 
Recyclex TRM 387.6 - 348.8 - - - - 
East Coast 
Erosion Control 
ECC-3* 802.0 - 786.0 - - - - 
ECP-2 400.0 - 328.0 - - - - 
ECSC-3* 756.0 604.8 - - - - - 
T-RECS 3,000.0 - - - - 2,730.0 - 
North American 
Green 
C350* 625.0 - 537.5 - - - - 
SC250* 620.0 - 620.0 - - - - 
W3000 3,600.0 - - - 2,880.0 - - 
Profile 
Enkamat 7020 175.0 - 140.0 - - - - 
Enkamat R45 3,000.0 - - 2,400.0 - - - 
Propex 
Landlok 300 2,000.0 - - - 1,800.0 - - 
Landlok 450 400.0 - 320.0 - - - - 
Pyramat 4,000.0 - - - - 3,600.0 3,400.0 
Western Excelsior 
Excel PP5-10 249.6 249.6 224.6 - - - - 
PP5-Heavy Duty 2,500.0 2,500.0 - - 2,250.0 - - 
PP5-Xtreme 4,000.0 4,000.0 - - - 3,600.0 - 
  2,150 hrs 4,300 hrs 8,600 hrs 12,900 hrs 25,800 hrs 43,000 hrs 
0.25 yrs 0.50 yrs 1.00 yrs 1.49 yrs 2.99 yrs 4.98 yrs 
* Synthetic material is estimated to contribute the majority of the products overall tensile strength. Only product tensile strength 
contributed by organic materials is affected by biological degradation.  
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Table 9 presents the coverage of the listed GRECPs after UV and biological degradation has been 
applied verses their respective accelerated exposure time. 
 
 
Table 9 Biological Degradation of Coverage 
Manufacturer / 
Distributor 
Product Name 	 
,
  
500 hrs 1,000 hrs 2,000 hrs 3,000 hrs 6,000 hrs 10,000 hrs 
American 
Excelsior 
Recyclex TRM 45% - 41% - - - - 
East Coast 
Erosion Control 
ECC-3* 86% - 68% - - - - 
ECP-2 82% - 67% - - - - 
ECSC-3* 93% 81% - - - - - 
T-RECS 66% - - - - 60% - 
North American 
Green 
C350* 91% - 72% - - - - 
SC250* 81% - 63% - - - - 
W3000 88% - - - 70% - - 
Profile 
Enkamat 7020 5% - 4% - - - - 
Enkamat R45 5% - - 4% - - - 
Propex 
Landlok 300 65% - - - 59% - - 
Landlok 450 80% - 64% - - - - 
Pyramat 90% - - - - 81% 77% 
Western Excelsior 
Excel PP5-10 75% 75% 68% - - - - 
PP5-Heavy Duty 70% 70% - - 63% - - 
PP5-Xtreme 70% 70% - - - 63% - 
  2,150 hrs 4,300 hrs 8,600 hrs 12,900 hrs 25,800 hrs 43,000 hrs 
0.25 yrs 0.50 yrs 1.00 yrs 1.49 yrs 2.99 yrs 4.98 yrs 
* Organic material is estimated to contribute the majority of the products overall coverage. Only product coverage contributed by 
organic materials is affected by biological degradation.  
 
 
Chemical Degradation 
In addition to UV and biological degradation, some polymers have the potential to degrade at a 
chemical level. This can be seen in materials such as polyester and nylon in normally found environments. 
When exposed to moisture for a prolonged period of time, polyester and nylon will begin to absorb the 
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moisture and break down at the molecular level. Similarly to the approach against UV degradation, materials 
can be protected against chemical degradation. However, little information is available regarding protection 
against chemical degradation or testing of this protection for GRECPs. While it is understood that chemical 
degradation of polyester and nylon GRECPs can occur, additional testing that is outside of the scope of this 
research is needed in order to provide further quantification. While no chemical degradation is applied, the 
data is generated for the products in question using Equation 11 through Equation 13 and the results are 
shown in Table 10 and Table 11. 
   
Equation 11 calculates the tensile strength reduced by UV, biological, and chemical degradation 
T,K,6 = T,K − RF6 ............................................................................................................................ (11) 
Where  T,K,6 = Ultraviolet, Biological, and Chemical Reduced Tensile Strength 
 T,K = Ultraviolet and Biological Reduced Tensile Strength 
 RF6 = Chemical Reduction Factor 
 
Equation 12 calculates the coverage reduced by UV, biological, and chemical degradation 
C,K,6 = C,K − RF6 ........................................................................................................................... (12) 
Where  C,K,6 = Ultraviolet, Biological, and Chemical Reduced Coverage 
 C,K = Ultraviolet and Biological Reduced Coverage 
 RF6 = Chemical Reduction Factor 
  
Equation 13 calculates the chemical degradation reduction factor. 
RF6 = 0 ................................................................................................................................................................ (13) 
Where  RF6 = Chemical Reduction Factor 
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Table 10 presents the tensile strength of the listed GRECPs after UV, biological, and chemical 
degradation has been applied verses their respective accelerated exposure time. 
 
 
Table 10 Chemical Degradation of Tensile Strength 
Manufacturer / 
Distributor 
Product Name 
	 
(lb/ft) 

,
,
 (lb/ft) 
500 hrs 1,000 hrs 2,000 hrs 3,000 hrs 6,000 hrs 10,000 hrs 
American 
Excelsior 
Recyclex TRM 387.6 - 348.8 - - - - 
East Coast 
Erosion Control 
ECC-3 802.0 - 786.0 - - - - 
ECP-2 400.0 - 328.0 - - - - 
ECSC-3 756.0 604.8 - - - - - 
T-RECS 3,000.0 - - - - 2,730.0 - 
North American 
Green 
C350 625.0 - 537.5 - - - - 
SC250 620.0 - 620.0 - - - - 
W3000 3,600.0 - - - 2,880.0 - - 
Profile 
Enkamat 7020 175.0 - 140.0 - - - - 
Enkamat R45 3,000.0 - - 2,400.0 - - - 
Propex 
Landlok 300 2,000.0 - - - 1,800.0 - - 
Landlok 450 400.0 - 320.0 - - - - 
Pyramat 4,000.0 - - - - 3,600.0 3,400.0 
Western Excelsior 
Excel PP5-10 249.6 249.6 224.6 - - - - 
PP5-Heavy Duty 2,500.0 2,500.0 - - 2,250.0 - - 
PP5-Xtreme 4,000.0 4,000.0 - - - 3,600.0 - 
  2,150 hrs 4,300 hrs 8,600 hrs 12,900 hrs 25,800 hrs 43,000 hrs 
0.25 yrs 0.50 yrs 1.00 yrs 1.49 yrs 2.99 yrs 4.98 yrs 
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Table 11 presents the coverage of the listed GRECPs after UV, biological, and chemical degradation 
has been applied verses their respective accelerated exposure time. 
 
 
Table 11 Chemical Degradation of Coverage 
Manufacturer / 
Distributor 
Product Name 	 
,
,
 
500 hrs 1,000 hrs 2,000 hrs 3,000 hrs 6,000 hrs 10,000 hrs 
American 
Excelsior 
Recyclex TRM 45% - 41% - - - - 
East Coast 
Erosion Control 
ECC-3 86% - 68% - - - - 
ECP-2 82% - 67% - - - - 
ECSC-3 93% 81% - - - - - 
T-RECS 66% - - - - 60% - 
North American 
Green 
C350 91% - 72% - - - - 
SC250 81% - 63% - - - - 
W3000 88% - - - 70% - - 
Profile 
Enkamat 7020 5% - 4% - - - - 
Enkamat R45 5% - - 4% - - - 
Propex 
Landlok 300 65% - - - 59% - - 
Landlok 450 80% - 64% - - - - 
Pyramat 90% - - - - 81% 77% 
Western Excelsior 
Excel PP5-10 75% 75% 68% - - - - 
PP5-Heavy Duty 70% 70% - - 63% - - 
PP5-Xtreme 70% 70% - - - 63% - 
  2,150 hrs 4,300 hrs 8,600 hrs 12,900 hrs 25,800 hrs 43,000 hrs 
0.25 yrs 0.50 yrs 1.00 yrs 1.49 yrs 2.99 yrs 4.98 yrs 
 
 
Confidence due to Material Construction 
The material construction of a GRECP can have a significant effect on not only the materials overall 
performance, but also on how the material will react to environmental stresses. Material construction types, 
such as stitch-bonded and heat-bonded GRECPs have the potential to be pulled apart by non-hydraulic 
stresses, causing them to cease functioning. The consistency and homogeneous nature of woven GRECPs 
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removes this risk of failed stitching or delamination. In order to account for this lack of confidence, a reduction 
factor of 0.9 is applied to the tensile strength and coverage of the stitch-bonded and heat-bonded GRECPs.  
Using the above assumptions, the data is generated for the products in question using Equation 14 through 
Equation 16 and the results are shown in Table 12 and . 
 
Equation 14 calculates the tensile strength reduced by UV, biological, and chemical degradation and 
confidence due to material construction. 
T,K,6,]6 = T,K,6 ∙ RF]6 ................................................................................................................... (14) 
Where  T,K,6,]6 = Ultraviolet, Biological, Chemical, and Material Construction 
 Reduced Tensile Strength  
 T,K,6 =Ultraviolet, Biological, and Chemical Reduced Tensile Strength 
 RF]6 = Material Construction Reduction Factor 
  
Equation 15 calculates the coverage reduced by UV, biological, and chemical degradation and 
confidence due to material construction. 
C,K,6,]6 = C,K,6 ∙ RF]6................................................................................................................... (15) 
Where C,K,6,]6 = Ultraviolet, Biological, Chemical, and Material Construction 
 Reduced Coverage  
 C,K,6 = Ultraviolet, Biological, and Chemical Reduced Coverage 
 RF]6 = Material Construction Reduction Factor 
 
Equation 16 calculates the material construction reduction factor. 
RF]6 = M0.9; Stitch − Bonded0.9; Heat − Bonded1.0; Woven X ..................................................................................................................... (16) 
Where  RF]6 = Material Construction Reduction Factor 
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Table 12 presents the tensile strength of the listed GRECPs after UV, biological, and chemical 
degradation and confidence due to material construction has been applied verses their respective accelerated 
exposure time. 
 
 
Table 12 Confidence in Tensile Strength due to Material Construction  
Manufacturer / 
Distributor 
Product Name 
	 
(lb/ft) 

,
,
,  (lb/ft) 
500 hrs 1,000 hrs 2,000 hrs 3,000 hrs 6,000 hrs 10,000 hrs 
American 
Excelsior 
Recyclex TRM * 348.8 - 314.0 - - - - 
East Coast 
Erosion Control 
ECC-3 * 721.8 - 707.4 - - - - 
ECP-2 * 360.0 - 295.2 - - - - 
ECSC-3 * 680.4 544.3 - - - - - 
T-RECS 3,000.0 - - - - 2,730.0 - 
North American 
Green 
C350 * 562.5 - 483.8 - - - - 
SC250 * 558.0 - 558.0 - - - - 
W3000 3,600.0 - - - 2,880.0 - - 
Profile 
Enkamat 7020 * 157.5 - 126.0 - - - - 
Enkamat R45 * 2,700.0 - - 2,160.0 - - - 
Propex 
Landlok 300 2,000.0 - - - 1,800.0 - - 
Landlok 450 * 360.0 - 288.0 - - - - 
Pyramat 4,000.0 - - - - 3,600.0 3,400.0 
Western Excelsior 
Excel PP5-10 * 224.6 224.6 202.2 - - - - 
PP5-Heavy Duty 2,500.0 2,500.0 - - 2,250.0 - - 
PP5-Xtreme 4,000.0 4,000.0 - - - 3,600.0 - 
  2,150 hrs 4,300 hrs 8,600 hrs 12,900 hrs 25,800 hrs 43,000 hrs 
0.25 yrs 0.50 yrs 1.00 yrs 1.49 yrs 2.99 yrs 4.98 yrs 
* Reduction factor of 0.9 is applied to the tensile strength of stitch-bonded and heat-bonded GRECPs to account for material 
construction type. 
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Table 13 presents the coverage of the listed GRECPs after UV, biological, and chemical degradation 
and confidence due to material construction has been applied verses their respective accelerated exposure 
time. 
 
 
Table 13 Confidence in Coverage due to Material Construction 
Manufacturer / 
Distributor 
Product Name C C,K,6,]6 
500 hrs 1,000 hrs 2,000 hrs 3,000 hrs 6,000 hrs 10,000 hrs 
American 
Excelsior 
Recyclex TRM * 41% - 36% - - - - 
East Coast 
Erosion Control 
ECC-3 * 77% - 61% - - - - 
ECP-2 * 74% - 61% - - - - 
ECSC-3 * 84% 73% - - - - - 
T-RECS 66% - - - - 60% - 
North American 
Green 
C350 * 82% - 65% - - - - 
SC250 * 73% - 57% - - - - 
W3000 88% - - - 70% - - 
Profile 
Enkamat 7020 * 5% - 4% - - - - 
Enkamat R45 * 5% - - 4% - - - 
Propex 
Landlok 300 65% - - - 59% - - 
Landlok 450 * 72% - 58% - - - - 
Pyramat 90% - - - - 81% 77% 
Western Excelsior 
Excel PP5-10 * 68% 68% 61% - - - - 
PP5-Heavy Duty 70% 70% - - 63% - - 
PP5-Xtreme 70% 70% - - - 63% - 
    2,150 hrs 4,300 hrs 8,600 hrs 12,900 hrs 25,800 hrs 43,000 hrs 
0.25 yrs 0.50 yrs 1.00 yrs 1.49 yrs 2.99 yrs 4.98 yrs 
* Reduction factor of 0.9 is applied to the coverage of stitch-bonded and heat-bonded GRECPs to account for material construction type. 
 
 
Confidence due to Material Quality 
As previously established, the quality of manufacturing and testing of GRECPs can have a significant 
effect on the material’s performance. Additionally, as we are using material properties and extrapolating 
potentially 20 to 50 years to determine the material’s functional longevity, it is imperative that we have an 
 36 
appropriate confidence in those properties upon initial installation. Because there is a 50% confidence in a 
Typical value, a reduction factor of 0.5 is applied to the material’s tensile strength and coverage. Since there is 
a 97.7% confidence in a MARV, a reduction factor of 0.977 is applied to the material’s tensile strength and 
coverage. Using the above assumptions, the data is generated for the products in question using Equation 17 
through Equation 20 and the results are shown in Table 14 and Table 15. 
 
Equation 17 calculates the tensile strength reduced by UV, biological, and chemical degradation and 
confidence due to material construction and material quality. 
T,K,6,]6,]a! = T,K,6,]6 ∙ RF]a! ................................................................................................... (17) 
Where  T,K,6,]6,]a! = Ultraviolet, Biological, Chemical, Material Construction, and Material 
 Quality Reduced Tensile Strength  
 T,K,6,]6 = Ultraviolet, Biological, Chemical, and Material Construction Reduced 
 Tensile Strength  
 RF]a! = Tensile Strength Material Quality Reduction Factor  
 
Equation 18 calculates the coverage reduced by UV, biological, and chemical degradation and 
confidence due to material construction and material quality. 
C,K,6,]6,]a! = C,K,6,]6 ∙ RF]a6 ................................................................................................... (18) 
Where  C,K,6,]6,]a! = Ultraviolet, Biological, Chemical, Material Construction, and Material 
 Quality Reduced Coverage  
 C,K,6,]6 = Ultraviolet, Biological, Chemical, and Material Construction 
 Reduced Coverage  
 RF]a6 = Coverage Material Quality Reduction Factor 
 
Equation 19 calculates the material quality tensile strength reduction factor. 
RF]a! = <0.500; Typical Value 0.977; MARV E .................................................................................................................. (19) 
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Where RF]a! = Tensile Strength Material Quality Reduction Factor  
 
Equation 20 calculates the material quality coverage reduction factor. 
RF]a6 = <0.500; Typical Value 0.977; MARV E .................................................................................................................. (20) 
Where RF]a6 = Coverage Material Quality Reduction Factor 
 
Table 14 presents the tensile strength of the listed GRECPs after UV, biological, and chemical 
degradation and confidence due to material construction and material quality has been applied verses their 
respective accelerated exposure time. 
 
 
Table 14 Confidence in Tensile Strength due to Material Quality 
Manufacturer / 
Distributor 
Product Name 
	 
(lb/ft) 

,
,
,, (lb/ft) 
500 hrs 1,000 hrs 2,000 hrs 3,000 hrs 6,000 hrs 10,000 hrs 
American 
Excelsior 
Recyclex TRM 
1
 174.4 - 157.0 - - - - 
East Coast 
Erosion Control 
ECC-3 
1
 360.9 - 353.7 - - - - 
ECP-2 
1
 180.0 - 147.6 - - - - 
ECSC-3 
1
 340.2 272.2 - - - - - 
T-RECS 
2
 2,931.0 - - - - 2,667.2 - 
North American 
Green 
C350 
1
 281.3 - 241.9 - - - - 
SC250 
1
 279.0 - 279.0 - - - - 
W3000 
1
 1,800.0 - - - 1,440.0 - - 
Profile 
Enkamat 7020 
2
 153.9 - 123.1 - - - - 
Enkamat R45 
2
 2,637.9 - - 2,110.3 - - - 
Propex 
Landlok 300 
2
 1,954.0 - - - 1,758.6 - - 
Landlok 450 
1
 180.0 - 144.0 - - - - 
Pyramat 
2
 3,908.0 - - - - 3,517.2 3,321.8 
Western Excelsior 
Excel PP5-10 
1
 112.3 112.3 101.1 - - - - 
PP5-Heavy Duty 
2
 2,442.5 2,442.5 - - 2,198.3 - - 
PP5-Xtreme 
2
 3,908.0 3,908.0 - - - 3,517.2 - 
    2,150 hrs 4,300 hrs 8,600 hrs 12,900 hrs 25,800 hrs 43,000 hrs 0.25 yrs 0.50 yrs 1.00 yrs 1.49 yrs 2.99 yrs 4.98 yrs 
1 - Reduction factor of 0.5 is applied to the tensile strength of the material to account for material quality. 
2 – Reduction factor of 0.977 is applied to the tensile strength of the material to account for material quality. 
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Table 15 presents the coverage of the listed GRECPs after UV, biological, and chemical degradation 
and confidence due to material construction and material quality has been applied verses their respective 
accelerated exposure time. 
 
 
Table 15 Confidence in Coverage due to Material Quality 
Manufacturer / 
Distributor 
Product Name 	 
,
,
,,  
500 hrs 1,000 hrs 2,000 hrs 3,000 hrs 6,000 hrs 10,000 hrs 
American 
Excelsior 
Recyclex TRM 
1
 20% - 18% - - - - 
East Coast 
Erosion Control 
ECC-3 
1
 39% - 30% - - - - 
ECP-2 
1
 37% - 30% - - - - 
ECSC-3 
1
 42% 36% - - - - - 
T-RECS 
1
 33% - - - - 30% - 
North American 
Green 
C350 
1
 41% - 32% - - - - 
SC250 
1
 36% - 29% - - - - 
W3000 
1
 44% - - - 35% - - 
Profile 
Enkamat 7020 
1
 2% - 2% - - - - 
Enkamat R45 
1
 2% - - 2% - - - 
Propex 
Landlok 300 
2
 64% - - - 57% - - 
Landlok 450 
1
 36% - 29% - - - - 
Pyramat  
2
 88% - - - - 79% 75% 
Western Excelsior 
Excel PP5-10 
1
 34% 34% 30% - - - - 
PP5-Heavy Duty 
1
 35% 35% - - 32% - - 
PP5-Xtreme 
1
 35% 35% - - - 32% - 
    2,150 hrs 4,300 hrs 8,600 hrs 12,900 hrs 25,800 hrs 43,000 hrs 
0.25 yrs 0.50 yrs 1.00 yrs 1.49 yrs 2.99 yrs 4.98 yrs 
1 - Reduction factor of 0.5 is applied to the coverage of the material to account for material quality. 
2 – Reduction factor of 0.977 is applied to the coverage of the material to account for material quality. 
 
 
Evaluate Results 
With the data gathered on the GRECPs in question and the appropriate degradation applied, the 
tensile strength and coverage is then plotted against time in order to establish a trend, or degradation curve 
for each material. Exponential curves are used to fit the data and are extended in order to extrapolate the 
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degradation. The reduction in tensile strength and coverage is compared to the functional threshold of 1,000 
lbs/ft and 20% respectively for HPTRMs and 100 lbs/ft and 10% respectively for TRMs. The point in time where 
the material’s estimated tensile strength or coverage reduces below the above mentioned functional 
threshold is determined as their functional longevity for this set of environmental conditions. The functional 
longevity graphs are generated for the products in question using Equation 21 and Equation 22 and shown in 
Figure 1 through Figure 16. 
 
The functional tensile strength is obtained using Equation 21, which utilizes all of the established 
reduction factors.  
TT = T,K,6,]6,]a! = eT − RF! − RFK! − RF6f ∙ RF]6 ∙ RF]a! ........................................ (21) 
Where TT = Functional Tensile Strength 
 T,K,6,]6,]a! = Ultraviolet, Biological, Chemical, Material Construction, and Material 
 QualityReduced Tensile Strength  
 T = Ultimate Tensile Strength 
 RF! = Tensile Strength Ultraviolet Reduction Factor  
 RFK! = Tensile Strength Biological Reduction Factor 
 RF6 = Chemical Reduction Factor 
 RF]6 = Material Construction Reduction Factor 
 RF]a! = Tensile Strength Material Quality Reduction Factor  
 
The functional coverage is obtained using Equation 22, which utilizes all of the established reduction 
factors. 
CT = C,K,6,]6,]a6 = eC − RF6 − RFK6 − RF6f ∙ RF]6 ∙ RF]a6 ........................................ (22) 
Where CT = Functional Coverage 
 C,K,6,]6,]a6 = Ultraviolet, Biological, Chemical, Material Construction, and Material 
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 Quality Reduced Coverage  
 C = Ultimate Coverage 
 RF6 = Coverage Ultraviolet Reduction Factor  
 RFK6 = Coverage Biological Reduction Factor 
 RF6 = Chemical Reduction Factor 
 RF]6 = Material Construction Reduction Factor 
 RF]a6 = Coverage Material Quality Reduction Factor 
 
 
Figure 1 Functional Longevity of Recyclex TRM 
 
From Figure 1 it can be seen that the anticipated tensile strength of Recyclex TRM reduces below the 
functional threshold at around 2.5 years while the anticipated coverage of Recyclex TRM reduces below the 
functional threshold at around 3.5 years. Taking the lesser of the two a functional longevity of 2.5 years is 
established for Recyclex TRM. 
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Figure 2 Functional Longevity of ECC-3 
 
From Figure 2 it can be seen that the anticipated tensile strength of ECC-3 reduces below the 
functional threshold at around 30 years while the anticipated coverage of ECC-3 reduces below the functional 
threshold at around 4 years. Taking the lesser of the two a functional longevity of 4 years is established for 
ECC-3. 
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Figure 3 Functional Longevity of ECP-2 
 
From Figure 3 it can be seen that the anticipated tensile strength of ECP-2 reduces below the 
functional threshold at around 1.5 years while the anticipated coverage of ECP-2 reduces below the functional 
threshold at around 3.5 years. Taking the lesser of the two a functional longevity of 1.5 years is established for 
ECP-2. 
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Figure 4 Functional Longevity of ECSC-3 
 
From Figure 4 it can be seen that the anticipated tensile strength of ECSC-3 reduces below the 
functional threshold at around 1.5 years while the anticipated coverage of ECSC-3 reduces below the 
functional threshold at around 2.5 years. Taking the lesser of the two a functional longevity of 1.5 years is 
established for ECSC-3. 
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Figure 5 Functional Longevity of T-RECS 
 
From Figure 5 it can be seen that the anticipated tensile strength of T-RECS reduces below the 
functional threshold at around 35 years while the anticipated coverage of T-RECS reduces below the functional 
threshold at around 15 years. Taking the lesser of the two a functional longevity of 15 years is established for 
T-RECS. 
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Figure 6 Functional Longevity of C350 
 
From Figure 6 it can be seen that the anticipated tensile strength of C350 reduces below the 
functional threshold at around 3.5 years while the anticipated coverage of C350 reduces below the functional 
threshold at around 4 years. Taking the lesser of the two a functional longevity of 3.5 years is established for 
C350. 
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Figure 7 Functional Longevity of SC250 
 
From Figure 7 it can be seen that the anticipated tensile strength of SC250 does not reduce in a 
realistic manner due to the lack of published information on UV resistance and is therefore disregarded until 
additional data can be presented. It can also be seen the anticipated coverage of SC250 reduces below the 
functional threshold at around 3.5 years. Taking the lesser of the two a functional longevity of 3.5 years is 
established for C350. 
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Figure 8 Functional Longevity of W3000 
 
From Figure 8 it can be seen that the anticipated tensile strength of W3000 reduces below the 
functional threshold at around 4 years while the anticipated coverage of W3000 reduces below the functional 
threshold at around 5 years. Taking the lesser of the two a functional longevity of 4 years is established for 
W3000. 
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Figure 9 Functional Longevity of Enkamat 7020 
 
From Figure 9 it can be seen that the anticipated tensile strength of Enkamat 7020 reduces below the 
functional threshold at around 1 year while the coverage of Enkamat 7020 does not ever surpass the 
functional threshold. Taking the lesser of the two a functional longevity of 1 years is established for Enkamat 
7020. 
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Figure 10 Functional Longevity of Enkamat R45 
 
From Figure 10 it can be seen that the anticipated tensile strength of Enkamat R45 reduces below the 
functional threshold at around 1 year while the coverage of Enkamat R45 does not ever surpass the functional 
threshold. Taking the lesser of the two a functional longevity of 4 years is established for Enkamat R45. 
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Figure 11 Functional Longevity of Landlok 300 
 
From Figure 11 it can be seen that the anticipated tensile strength of Landlok 300 reduces below the 
functional threshold at around 30 years while the anticipated coverage of Landlok 300 reduces below the 
functional threshold at around 25 years. Taking the lesser of the two a functional longevity of 25 years is 
established for Landlok 300. 
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Figure 12 Functional Longevity of Landlok 450 
 
From Figure 12 it can be seen that the anticipated tensile strength of Landlok 450 reduces below the 
functional threshold at around 1.5 years while the anticipated coverage of Landlok 450 reduces below the 
functional threshold at around 3 years. Taking the lesser of the two a functional longevity of 1.5 years is 
established for Landlok 450. 
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Figure 13 Functional Longevity of Pyramat 
 
From Figure 13 it can be seen that the anticipated tensile strength of Pyramat reduces below the 
functional threshold at around 40 years while the anticipated coverage of Pyramat reduces below the 
functional threshold at around 45 years. Taking the lesser of the two a functional longevity of 40 years is 
established for Pyramat. 
 
 53 
 
Figure 14 Functional Longevity of Excel PP5-10 
 
From Figure 14 it can be seen that the anticipated tensile strength of Excel PP5-10 reduces below the 
functional threshold at around 0.5 years while the anticipated coverage of Excel PP5-10 reduces below the 
functional threshold at around 6 years. Taking the lesser of the two a functional longevity of 0.5 years is 
established for Excel PP5-10. 
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Figure 15 Functional Longevity of PP5-Heavy Duty 
 
From Figure 15 it can be seen that the anticipated tensile strength of PP5-Heavy Duty reduces below 
the functional threshold at around 30 years while the anticipated coverage of PP5-Heavy Duty reduces below 
the functional threshold at around 15 years. Taking the lesser of the two a functional longevity of 15 years is 
established for PP5-Heavy Duty. 
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Figure 16 Functional Longevity of PP5-Xtreme 
 
From Figure 16 it can be seen that the anticipated tensile strength of PP5-Xtreme reduces below the 
functional threshold at around 35 years while the anticipated coverage of PP5-Xtreme reduces below the 
functional threshold at around 15 years. Taking the lesser of the two a functional longevity of 15 years is 
established for PP5-Xtreme. 
By evaluating each product and comparing the degradation of the material’s tensile strength and 
coverage with the respective functional thresholds the GRECPs functional longevity is determined by the lesser 
value and is shown as the overall value in Table 16. 
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Table 16 GRECP Functional Longevity 
Manufacturer /  
Distributor 
Product Name 
Functional Longevity 
Tensile Strength Coverage Overall 
American Excelsior Recyclex TRM < 3 years < 4 years < 3 years 
East Coast 
Erosion 
Control 
ECC-3 < 30 years < 4 years < 4 years 
ECP-2 < 2 years < 4 years < 2 years 
ECSC-3 < 2 years < 3 years < 2 years 
T-RECS < 35 years < 15 years < 15 years 
North 
American 
Green 
C350 < 4 years < 4 years < 4 years 
SC250 N/A* < 4 years < 4 years 
W3000 < 4 years < 5 years < 4 years 
Profile 
Enkamat 7020 < 1 years < 1 years < 1 years 
Enkamat R45 < 4 years < 1 years < 1 years 
Propex 
Landlok 300 < 30 years < 25 years < 25 years 
Landlok 450 < 2 years < 3 years < 2 years 
Pyramat < 40 years < 45 years < 40 years 
Western 
Excelsior 
Excel PP5-10 < 1 years < 6 years < 1 years 
PP5-Heavy Duty < 30 years < 15 years < 15 years 
PP5-Xtreme < 35 years < 15 years < 15 years 
* Additional information required for further analysis. 
 
 
Field Evaluations - Case Studies 
The bases for the above established analysis is the industry accepted correlation factor of 4.3  
(Koerner, Hsuan, & Koerner, 2011) for the UV degradation test data. While the biological and chemical 
degradation as well as the material construction and material quality reduction factors are generally applied 
based on overall product characteristics, the UV degradation is developed from product specific testing. To 
further refine the analysis, two case studies are presented in order to validate the amount of degradation 
anticipated in the above functional longevity analysis and then correlate the UV degradation data and 
establish product specific correlation factors.  
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Bell Road Channel Protection - Pyramat HPTRM 
In the spring of 2002, the city of Scottsdale, Arizona was considering various means of protection for a 
channel beginning at Bell Road and running parallel to the Pima Freeway (Highway 101). The Bell Road channel 
spanned 2,500 ft, having a 46 ft bottom width, 2 Horizontal : 1 Vertical (2H:1V) side slopes, and 4 ft depth. The 
city of Scottsdale was in need of an aesthetic, cost-effective alternative to hard armoring such as rock riprap or 
concrete that was able to withstand hydraulic events generating velocities of up to 12 ft/s and shear stresses 
of up to 4 lb/ft
2
 (Figure 17). The alternative solution would also have to be adequately durable in order to 
withstand potential non-hydraulic stresses from maintenance vehicles, channel debris, and burrowing animals. 
Due to the high solar radiation of the region, a high level of UV resistance was needed in order to sustain the 
required durability.  
 
      
Figure 17 Bell Road Channel Initial Conditions 
 
The Pyramat HPTRM was chosen by the city of Scottsdale to armor the Bell Road Channel in order to 
meet the required design criteria. In the fall of 2002, the Pyramat was installed along the Bell Road Channel 
(Figure 18). The plan for vegetation establishment consisted of hydroseeding with native desert plants with no 
plan for irrigation.  
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Figure 18 Bell Road Channel Pyramat Installation (Left) and Hydroseeding (Right) in 2002 
 
Throughout the life of the project, the native desert plants continued to establish but never achieved 
coverage greater than 40% (Figure 19). This means that since 2002, over 60% of the Pyramat was exposed to 
extreme UV radiation.  
 
      
Figure 19 Bell Road Channel Pyramat with Vegetation Establishment in 2005 (Left) and 2008 (Right) 
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In the spring of 2015, the Bell Road Channel was visited to evaluate the current performance (Figure 
20). While the Pyramat was seen to be performing well there was still over 60% of the material fully exposed. 
While on site, samples were taken in order to evaluate the degradation over the past 13 years of exposure 
where local solar radiation is 21.70 MJ/m
2
-day. The samples were taken from locations of obvious exposure 
where vegetation had never established in order to obtain the worst case scenario.  
 
      
Figure 20 Bell Road Channel Pyramat with Continued Performance in 2015 
 
In total, 5 samples were taken from the site to test for retained tensile strength per ASTM D-6818. 
Each sample yielded 5 individual tests, giving a total of 25 tensile strength tests. The tensile strength test 
results of the Pyramat showed an average tensile strength of 4,275.3 lbs/ft with a standard deviation of 551.8 
lbs/ft, yielding a MARV of 3,171.7 lbs/ft with 79.3% strength retention over 155 months (APPENDIX B). When 
plotted against the original functional longevity graph for Pyramat we can confirm that using an acceleration 
factor of 4.3 is a conservative approach for predicting the durability of the Pyramat (Figure 21).  
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Figure 21 Pyramat Functional Longevity with Field Value 
 
When compared to laboratory UV testing, 79.3% strength retention corresponds to an exposure time 
of 25.8 months, giving an acceleration factor of 6.0. Applying this field correlated acceleration factor for 
Pyramat along with the previously established modes of degradation the functional longevity graph is 
generated using the laboratory test data and field values and is shown in Figure 22. 
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Figure 22 Correlated Functional Longevity of Pyramat 
 
The inclusion of the field correlated acceleration factor increases the functional longevity of Pyramat 
from <40 years to <80 years based on tensile strength while showing proven performance for over 13 years in 
a high solar radiation environment. 
 
Collas Road Slope Protection – PP5-Xtreme HPTRM 
During the construction and movement of Mariscal Sucre international Airport in Quito, Ecuador 
extremely steep slopes were cut into the mountainside in order to create Collas Road. Collas Road was 
developed in order to provide easier and faster transport to and from the airport. Because of the potential 
erodibility of the site’s soils, slope protection was needed and due to the high solar radiation of the region, a 
solution with a high level of UV resistance was required.  
The PP5-Xtreme HPTRM was chosen to protect the Collas Road Slopes in order to meet the required 
design criteria. In May of 2013, the PP5-Xtreme was installed along the Collas Road Slopes (Figure 23). There 
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was no plan for vegetation establishment and long term performance was to be provided solely by the PP5-
Xtreme. 
 
 
Figure 23 Collas Road Slope PP5-Xtreme Installation 2013 
 
Since the installation in 2013 minimal vegetation has established providing no coverage (Figure 24). 
This means that during the 2 years of project life, 100% of the PP5-Xtreme has been exposed to extreme UV 
radiation.  
 
      
Figure 24 Collas Road Slope PP5-Xtreme with Premature Oxidation 2014 
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In November of 2014, the Collas Road Slopes were visited to evaluate the current performance 
(Figure 25). It could be seen that the PP5-Xtreme was still fully exposed and had begun to change colors from a 
dark green color upon initial installation to a grey-blue color. A color change such as this is a sign of premature 
oxidation of the polymer. Samples were provided in order to evaluate the degradation over the past 18 
months of exposure where local solar radiation is 19.73 MJ/m
2
-day.  
 
  
Figure 25 Collas Road Slope Color Change due to Oxidation 
 
The material was tested for retained tensile strength per ASTM D-6818, yielding 5 individual tests. The 
tensile strength test results of the PP5-Xtreme showed an average tensile strength of 3,029.1 lbs/ft with a 
standard deviation of 195.4 lbs/ft, yielding a MARV of 2,638.2 lbs/ft with 66.0% strength retention over 18 
months (Figure 45). When plotted against the original functional longevity graph for PP5-Xtreme we can see 
that using an acceleration factor of 4.3 is not an appropriate approach for predicting the durability of the PP5-
Xtreme (Figure 26). 
 
 64 
 
Figure 26 PP5-Xtreme Functional Longevity with Field Value 
 
When compared to published UV testing, 66.0% strength retention corresponds to an exposure time 
of 32.0 months, giving a deceleration factor of 0.6. Applying this field correlated deceleration factor for PP5-
Xtreme along with the previously established modes of degradation the functional longevity graph is 
generated using the laboratory test data and field values and is shown in Figure 27. 
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Figure 27 Correlated Functional Longevity of PP5-Xtreme 
 
The inclusion of the field correlated deceleration factor decreases the functional longevity of PP5-
Xtreme from <35 years to <5 years based on tensile strength. 
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CHAPTER VI 
CONCLUSION 
 
The analysis presented herein evaluates the existing published data with an understanding of 
environmental factors and material degradation to consistently quantify the material degradation over time 
for specific GRECPs available in the North American marketplace. It was found when using the assumed 
environmental conditions and acceleration factors, that the functional longevity of the stitch-bonded and 
heat-bonded GRECPs, regardless of material type was less than 5 years. The functional longevity for the woven 
GRECPs was also found to be significantly higher than the stitch-bonded and heat-bonded GRECPs, with 
woven TRMs showing up to 25 years of functional longevity and woven HPTRMs showing up to 40 years of 
functional longevity. The field evaluations showed that true proven performance is shown over the GRECPs 
functional longevity in real world applications. While the two GRECPs evaluated showed similar published 
properties, the field evaluation of the PP5-Xtreme HPTRM revealed a functional longevity of less than 5 years, 
while the field evaluation of the Pyramat HPTRM exhibited a functional longevity of over 50 years.  
When compared to their respective functional thresholds, the changes in durability and coverage over 
time were effectively quantified to evaluate the functional longevity for each GRECP. With the functional 
longevity established through a consistent process for each material, the GRECPs can be more accurately 
compared. Adequate coverage and durability is imperative for the performance of GRECPs. With a better 
understanding of a GRECP’s coverage and durability and the factors effecting the GRECP’s functional longevity, 
project specific design requirements can be further refined resulting in more appropriate selection of GRECPs 
and greater project success rates. 
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CHAPTER VII 
RECOMMENDATIONS 
 
Field Correlations 
In order to further understand the specific nature of UV degradation, tensile strength field 
correlations for additional GRECPs are needed.  Tensile strength field correlations of Pyramat and PP5-Xtreme 
in different regions and for different lengths of exposure would provide additional validation while also 
providing insight when considering region-to-region correlations. Field correlation of coverage would provide 
additional validation to the importance of coverage as well as aid in understanding how coverage is truly 
affected by environmental conditions.  
 
Modes of Degradation 
Due to the complexity of polymers, additional research on other encountered modes of degradation 
would improve the accuracy of the functional longevity analysis. While biological degradation was generally 
addressed based on material category, additional data on product specific biological characteristics will help 
improve the accuracy of this mode of degradation. Additional testing on chemical degradation is also needed 
in order to fully apply this mode of degradation to the functional longevity analysis. While this functional 
longevity analysis applied the modes of degradation separately, additional research towards the interaction of 
the modes of degradation would help further refine the process and provide insight on if any particular mode 
of degradation accelerates or decelerates other modes of degradation.  
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Functional Threshold 
As the degradation of each GRECP is evaluated against a functional threshold, additional research 
should also focus on determining different functional thresholds for tensile strength and coverage in various 
applications. The functional thresholds for tensile strength should be dependent upon the anticipated non-
hydraulic stresses for each application as well as the level of risk of the project.  The functional thresholds for 
coverage should be dependent upon the anticipated hydraulic stresses and vegetation density as well as the 
level of risk of the project. 
 
Light Penetration 
The light penetration test per ASTM D-6567 for GRECPs can give variable results depending on the 
construction and color of the GRECP. Testing has shown that when comparing materials with the same 
construction, GRECPs having a lighter color will result in a higher value for light penetration than a GRECP with 
a darker color. Because of the variation of GRECP construction types, a versatile test is needed to provide a 
consistent comparison. While light penetration points toward the percent open area or percent coverage of 
the GRECP, a further refined test procedure with less product-to-product variability would improve the data 
and understanding of a GRECP’s coverage.   
 69 
 
 
 
 
 
REFERENCES 
ASTM. (2014). ASTM D-4355-14: Standard Test Method for Deterioration of Geotextiles by Exposure to Light, 
Moisture and Heat in a Xenon Arc Type Apparatus. West Conshohocken, PA: American Society for 
Testing and Materials. 
 
ASTM. (2014). ASTM D-4439-14: Standard Terminology for Geosynthetics. West Conshohocken, PA: American 
Society for Testing and Materials. 
 
ASTM. (2014). ASTM D-6567-14: Standard Test Method for Measuring the Light Penetration of a Turf 
Reinforcement Mat (TRM). West Conshohocken, PA: American Society for Testing and Materials. 
 
ASTM. (2014). ASTM D-6818-14: Standard Test Method for Ultimate Tensile Properties of Rolled Erosion 
Control Products. West Conshohocken, PA: American Society for Testing and Materials. 
 
Durham, A. (2012). TB-Functional Longevity of Turf Reinforcement Mats. Propex Operating Company, LLC. 
 
Durham, A. (2014). Hydraulic Performance of TRMs as a Function of Light Penetration (ASTM D6567) and 
Woven Fiber Cross-Sectional Shape. Propex Operating Company, LLC. 
 
GEOfabrics. (2011). The Durability of Geotextiles. GEOfabrics Limited. 
 
Hsuan, Y. G., Schroeder, H. F., Rowe, K., Müller, W., Greenwood, J., Cazzuffi, D., et al. (2014). Long-Term 
Performance and Lifetime Prediction of Geosynthetics. EuroGeo4 Keynote Paper. 
 
Hughes, S., & Thornton, C. (2014). Evaluation of HPTRM Performance as a Function of Mesh Openings and 
Grass Root Parameters. Colorado State University – Engineering Research Center. 
 
Khanna, S. (2005). Aging Effects of Environmental Factors on Rolled Erosion Control Products. Texas A&M 
University. 
 
Koerner, R. M., Hsuan, Y. G., & Koerner, G. R. (2011). GRI White Paper #6 - Geomembrane Lifetime Prediction: 
Unexposed and Exposed Conditions. Geosynthetic Institute. 
 
Miller, S. J., Fischenich, J. C., & Thornton, C. I. (2012). Stability thresholds and performance standards for 
flexible lining materials in channel and slope restoration applications. EBA Technical Notes Collection. 
Vicksburg, MS: ERDC TN-EMRRP- EBA-13. 
 
Propex. (2006). EB-405 The Durability of Polypropylene Geotextiles for Waste Containment Applications. 
Propex Operating Company, LLC. 
 
Propex. (2014). EB-532 Ultraviolet Light Degradation of Geotextiles. Propex Operating Company, LLC. 
 
 70 
Propex. (2014). EB-603 Understanding Typical Values, Minimum Average Roll Values (MARVs), and Minimum 
Values (MVs). Propex Operating Company, LLC. 
 
TenCate. (2010). Technical Note - UV Durability of TenCate Geosynthetics. TenCate Geosynthetics North 
America. 
 
  
 71 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX A 
GRECP DATA SHEETS 
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Figure 28 Recyclex TRM PDS 
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Figure 29 ECC-3 PDS 
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Figure 30 ECP-2 PDS 
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Figure 31 ECSC-3 PDS 
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Figure 32 T-RECS PDS 
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Figure 33 C350 PDS 
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Figure 34 SC250 PDS 
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Figure 35 W3000 PDS 
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Figure 36 Enkamat 7020 PDS 
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Figure 37 Enkamat R45 PDS 
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Figure 38 Landlok 300 PDS 
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Figure 39 Landlok 450 PDS 
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Figure 40 Pyramat PDS 
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Figure 41 Excel PP5-10 PDS 
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Figure 42 PP5-Heavy Duty PDS 
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Figure 43 PP5-Xtreme PDS 
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APPENDIX B 
FIELD EVALUATION TEST DATA 
 89 
 
Figure 44 Pyramat Test Data 
Product Pyramat
Installation Date Jun 2002
Sample Date May 2015
Time of Exposure 13 yrs
lb/in lb/ft
1 410.50 4,926.0 42%
1 381.00 4,572.0 43%
1 355.25 4,263.0 35%
1 418.25 5,019.0 40%
1 360.75 4,329.0 32%
2 325.75 3,909.0 30%
2 317.25 3,807.0 36%
2 369.50 4,434.0 41%
2 437.50 5,250.0 43%
2 393.00 4,716.0 40%
3 357.25 4,287.0 26%
3 346.50 4,158.0 28%
3 330.75 3,969.0 27%
3 326.75 3,921.0 25%
3 363.75 4,365.0 28%
4 348.25 4,179.0 29%
4 248.85 2,986.2 20%
4 281.25 3,375.0 23%
4 266.75 3,201.0 23%
4 370.25 4,443.0 32%
5 347.75 4,173.0 39%
5 368.25 4,419.0 39%
5 366.25 4,395.0 37%
5 404.25 4,851.0 41%
5 411.25 4,935.0 41%
Average 356.27 4,275.3 34%
Std Dev 45.98 551.8 7%
MARV 264.31 3,171.7 19%
Percent Retained 79.3%
Equation of Curve  y = e-0.009x
y 79.3% AV
x 25.8 6.0
Sample # Tensile Strength MD Elongation
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Figure 45  PP5-Xtreme Test Data 
  
Product PP5-Xtreme
Installation Date May 2013
Sample Date Nov 2014
Time of Exposure 1.5 yrs
lb/in lb/ft
1 264.25 3,171.0 18%
1 244.70 2,936.4 24%
1 233.25 2,799.0 19%
1 273.75 3,285.0 25%
1 246.18 2,954.2 23%
Average 252.43 3,029.1 22%
Std Dev 16.29 195.4 3%
MARV 219.85 2,638.2 16%
Percent Retained 66.0%
Equation of Curve  y = e-0.013x
y 66.0% AV
x 32.0 0.6
Sample # Tensile Strength MD Elongation
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